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The therapeutic effect of zerumbone on chronic
gastritis via antioxidant mechanisms
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Abstract. Effects of zerumbone on chronic gastritis remain
unclear. The purpose of this study was to investigate the
mechanism of the protective effect of zerumbone on the
treatment of chronic gastritis in rats. The animal models of
chronic gastritis in rats were established, and the surface
damage of gastric mucosa was observed by gross anatomy;
the changes of gastric mucosal tissue and surface morphology
were observed by pathological sections of gastric mucosal
tissues; the expressions of heme oxygenase-1 (HO-1) and
nuclear factor E2-related factor 2 (Nrf-2) proteins of gastric
mucosal tissues in each group were detected by western
blot analysis; the activities of superoxide dismutase (SOD)
and catalase (CAT) as well as the contents of reduced
glutathione (GSH) and malondialdehyde (MDA) in gastric
mucosal tissues were detected by kits. The results indicated
that zerumbone could significantly relieve red and swelling
as well as erosion of the gastric mucosal tissues in rats with
chronic gastritis; zerumbone could significantly ameliorate
the loose arrangement of cells in the lamina propria of
gastric mucosa, epithelial cell deformation and abscission,
and inflammatory cell infiltration. The results of western
blot analysis showed that compared with the model group,
zerumbone could significantly upregulate the expression of
HO-1 and Nrf-2 in gastric mucosal tissues. Compared with
the model group, the activities of SOD and CAT as well as
GSH levels in gastric mucosal tissues of rats in the zerumbone
groups were obviously increased, but MDA contents were
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significantly decreased. Zerumbone has a protective effect
on chronic gastritis in rats, which is achieved by improving
the antioxidant capacity of gastric mucosal tissues through
inhibiting lipid peroxidation.

Introduction

Gastritis is a common digestive tract disease in clinical prac-
tice, in which chronic gastritis has a higher incidence rate
and various therapeutic drugs, but the treatment effect is poor
and it can easily relapse (1). According to the characteristics
of pathology and course of disease, gastritis is often divided
into two categories, namely acute and chronic gastritis; acute
gastritis, which is mainly caused by stimulating food, medicine,
chemical corrosion reagent, bacterial infection and stress reac-
tion, is divided into acute irritated gastritis, corrosive gastritis,
acute infectious gastritis and acute hemorrhagic gastritis;
chronic gastritis has very complex etiology and mechanisms,
and it is generally caused by multiple factors (2), among which
the hypothesis that gastric mucosa damaged by oxygen free
radicals has been gradually accepted by people; oxygen free
radical is an important pathogenic factor that can cause the
injury of gastric mucosa mainly through lipid peroxidation
and covalent bonding (3).

Zerumbone, as a natural compound extracted from
Zingiber zerumbet which belongs to a plant in the
Zingiberaceae, is mainly applied in medicine, food and
spices, electronic industry and other fields at present (4). The
studies have confirmed that zerumbone has anti-inflammatory
and antitumor effects, which may be achieved by inhibiting
inflammation and signal pathway during tumor development
process (5,6). According to further studies, it has been proved
that zerumbone exerts its anti-inflammatory effect mainly
through inhibiting pro-inflammatory genes and antioxidant
pathways (7,8). Additionally, the literature reported that
zerumbone can be used in the treatment of ulcerative colitis
and inflammatory bowel disease in animals, and it exerts an
anti-inflammatory effect by inhibiting cyclooxygenase, prosta-
glandin and interleukin (9).

It has not been reported in the literature whether zerum-
bone has a therapeutic effect on chronic gastritis caused by
multiple factors. Therefore, we established models of chronic
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gastritis in rats on the basis of stimulating rats by ethanol,
ammonia and sodium deoxycholate in this experiment,
and then investigated the protective effect of zerumbone
on gastric mucosal tissues in rats with chronic gastritis as
well as its possible mechanism, so as to confirm and clarify
the mechanism of zerumbone on the treatment of chronic
gastritis. In this experiment, we observed the protective
effect of zerumbone on gastric mucosal tissues of rats by
gross anatomy and pathological section, further detected the
expressions of heme oxygenase-1 (HO-1) and nuclear factor
E2-related factor-2 (Nrf-2) proteins in gastric mucosal tissues,
and determined the activities of superoxide dismutase (SOD)
and catalase (CAT) as well as the contents of reduced glutath-
ione (GSH) and malondialdehyde (MDA) in gastric mucosal
tissues by kits, thereby elucidating the mechanism of the
protective effect of zerumbone on chronic gastritis in rats
and providing the research basis for the treatment of chronic
gastritis using zerumbone.

Materials and methods

Materials. The materials included, zerumbone and omeprazole
(both from Sigma, New York,NY, USA); sodium carboxymethyl
cellulose (CMC), sodium deoxycholate, ammonia and ethanol
(Tianjin Kemiou Chemical Reagent Co., Ltd., Tianjin, China);
SOD, CAT, GSH and MDA assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China); HO-1 and Nrf-2 anti-
bodies, HRP-labeled secondary antibody (Proteintech Group,
Inc., Wuhan, China); BCA protein quantitation kit, tissue lysis
solution (Beyotime Institute of Biotechnology, Nantong, China)
and male Sprague-Dawley (SD) rats (BetterBiotechnology Co.,
Ltd., Nanjing, China).

Preparation of experimental rat models of chronic gastritis.
Forty-eight healthy male SD rats with weight of 160-180 g
were selected. All the animals were fed under conditions
of 22+2°C at room temperature, and 40-60% in environ-
mental relative humidity, and they were daily administered
with artificial illumination and dark treatment, each of 12 h.
Rats could drink freely, and were fed with feedstuff. The
experiment started after rats were fed for 7 days. Forty rats
were randomly selected to be used for establishing models.
By using multifactor modeling, the specific methods were
as follows: Ammonia (0.05%) could be taken freely; gastric
perfusion with 2 ml sodium deoxycholate at a concentra-
tion of 20 mmol/l was administered to rats at 9 a.m. every
Sunday; and, 2 ml 60% ethanol was given for gastric perfu-
sion at 4 p.m. every Tuesday. This study was approved by the
Animal Ethics Committee of Affiliated Hospital of Shandong
University of Traditional Chinese Medicine.

Experimental grouping, drug administration and materials.
After 10 weeks of modeling, 40 rats were randomly divided
into 5 groups with 8 animals in each group, namely model
group, omeprazole-positive drug group, high-dose zerum-
bone group, middle-dose zerumbone group and low-dose
zerumbone group, while 8 rats without established modeling
were set as normal control group. Zerumbone was continu-
ously administered to rats for 4 weeks, and gastric perfusion
was conducted every day, with the volume of 1 ml/200 g;
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therein, 5% CMC was used as solvent for gastric perfusion
in normal group and model group; 20 mg/kg omeprazole was
taken in positive drug group, and zerumbone with doses of
20, 10 and 5 mg/kg were, respectively, adopted in high-,
middle- and low-dose zerumbone groups. After 4 weeks of
drug administration, rats were fasted for 12 h. Subsequently,
animals were anesthetized by 10% chloral hydrate, the
thoracic cavity and abdomen were opened up, and ligation
was conducted at 0.5 cm below pyloric ostium. Pre-cooling
phosphate-buffered saline (PBS) (2 ml) was taken for injec-
tion at cardia, and then the cardia was ligated. The stomach
was taken out and the animal was sacrificed. Part of the
gastric tissues was taken for fixation, and remaining gastric
tissues were reserved at -20°C.

Anatomical observation of gastric mucosal injury in rats. The
stomach of rat was cut open along with greater curvature and
placed on a plastic whiteboard. After it was washed clean by
0.9% pre-cooling normal saline, the surface damage of gastric
mucosa was observed, including bleeding, erosion and ulcer.
Then images were taken by a digital camera (Canon JVC
TDK; Cannon, Tokyo, Japan).

Observation of pathologic sections of gastric mucosal tissues
in rats. The sample was taken from the gastric gland of rat,
and fixed by 10% formalin for 24 h. Then it was dehydrated
using graded ethanol, vitrification by dimethylbenzene and
embedded by paraffin. The sample was cut into slices, and
the section was stained with hematoxylin and eosin (H&E).
Subsequently, pathological changes of the tissues were
observed under a light microscope (BX-42; Olympus, Tokyo,
Japan), such as deformation, hyperemia and inflammatory cell
infiltration, followed by imaging.

Detecting the expressions of HO-1 and Nrf-2 proteins in
gastric tissues by western blot analysis. About 50 mg tissues
were respectively taken from the reserved tissues in each
group, followed by adding tissue lysis solution containing
protease inhibitor. They were placed on ice and fully ground.
Then tissues were centrifuged at 12,000 x g for 15 min at 4°C.
Thereafter, supernatant was taken for detecting protein
concentration. The protein with the protein quantity as 40 ug
was taken from each group, followed by electrophoresis
and being transferred to membrane. Then the samples were
sealed by 5% bovine serum albumin (BSA), and primary
antibodies of HO-1 and Nrf-2 (diluting according to the
proportion of 1:1,000) were respectively added, at 4°C over-
night. Then secondary antibody was added, and incubation
was performed at room temperature. After 2 h, development
was conducted by electrochemiluminescence (ECL) devel-
oping solution in a dark room, followed by scanning and
imaging, and then grey level analysis was performed with
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as the
internal reference.

Detection of SOD, CAT, GSH and MDA in gastric tissues of
rats. The appropriate amount of gastric tissue was taken from
each group. Tissue homogenate (10%) was prepared by physi-
ological saline according to the proportion of 1:9 (w/v). The
homogenate was centrifuged at 2,500 x g for 10 min at 4°C.
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Figure 1. Anatomical observation of gastric mucosa in rat of each group. (A) Normal group; (B) model group; (C) omeprazole group; (D-F) respectively
represent high-dose zerumbone group, middle-dose zerumbone group and low-dose zerumbone group.

Figure 2. Pathological observation of gastric mucosal tissues in rats (H&E staining, x200). (A) Normal group; (B) model group; (C) omeprazole group;
(D-F) respectively represent high-dose zerumbone group, middle-dose zerumbone group and low-dose zerumbone group.

Then, supernatant was taken, and the activities of SOD and
CAT as well as the contents of GSH, MDA and proteins were
detected according to the operating instructions in the Kkits.

Statistical analysis. Experimental data were expressed as
mean + standard deviation (SD). All experimental data were
processed by SPSS 13.0 statistical software (IBM, Armonk,
NY, USA), and one-way analysis of variance (ANOVA) was
adopted. P<0.05 was considered to indicate a statistically
significant difference.

Results

Gastric mucosal injury in rats. As shown in Fig. 1, the gastric
mucosal surface of rat in normal group is pink, smooth and

glossy; while the gastric mucosa of rat in model group is red
and white, reddening and swelling, with bleeding and erosion;
the injury of gastric mucosa could be obviously relieved by
high-dose zerumbone and omeprazole, so the gastric mucosas
of rats are light pink, with basically smooth surface and no
bleeding and erosion; in addition, that the gastric mucosal
injury of rats significantly reduced with the increase of the
dosage of zerumbone could be found.

Pathological changes of gastric mucosal tissues. Compared
with the normal group, gastric mucosa in the model group had
significant pathological changes, and loose cell arrangement,
pycnosis and thinning of mucosal layer, and mucosal hemor-
rhage and exudation in submucosa could be seen, suggesting
that inflammatory cell infiltration occurred. Zerumbone
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Figure 3. Expressions of HO-1 and Nrf-2 proteins in gastric tissues of rats with chronic gastritis. (A) Western blot results of HO-1 and Nrf-2 proteins.
(B) Grey-level analysis results of HO-1 and Nrf-2 proteins; compared with the normal group, “p<0.01; compared with the model group, #p<0.01. HO-1, heme

oxygenase-1; Nrf-2, nuclear factor E2-related factor-2.

>

SOD (U/mg protein)

@!

MDA (mmol/mg protein)

B
15-
#H
E
2 101 #
g £5d e
£
2 59
>
o
& ESR s
& V ¥ V
T @S‘* @5&
RS o
o <
60 ot
— ok
)
£ -
=
5
T 20-
w
o
0-H—
cﬁé‘

Figure 4. Effects of zerumbone on SOD, CAT, MDA and GSH in gastric tissues of rats with chronic gastritis. (A) Detection results of SOD activities in gastric
tissues of rats; (B) detection results of CAT activities in gastric tissues of rats; (C) detection results of MDA contents in gastric tissues of rats; (D) detection
results of GSH contents in gastric tissues of rats; compared with the normal group, “p<0.05, “p<0.01; compared with the model group, ”p<0.01. SOD, super-

oxide dismutase; CAT, catalase; MDA, malondialdehyde; GSH, glutathione.

and omeprazole could ameliorate the statuses of such tissue
lesions, especially in the high- and middle-doses zerumbone
groups, gastric mucosal pycnosis, hemorrhage, cell exudation
and other statuses were significantly improved (Fig. 2).

Effects of zerumbone on the expression of HO-1 and Nrf-2
proteins in gastric tissues of rats with chronic gastritis. As
transcription factors regulating oxidative stress reaction in cells,
HO-1 and Nrf-2 induced the expression of multiple antioxidant
enzymes and detoxification enzymes, accelerate enzymatic reac-
tion, eliminate free radical and other antioxidant substances and
maintain the original intracellular redox levels. Compared with

the normal group, the expression of HO-1 and Nrf-2 proteins
in gastric tissues of rats in the model group were significantly
decreased (p<0.01); compared with the model group, the expres-
sions of HO-1 and Nrf-2 at each dose in zerumbone group was
significantly upregulated (p<0.01) (Fig. 3).

Effects of zerumbone on SOD, CAT, MDA and GSH in gastric
tissues of rats with chronic gastritis. MDA could indirectly
reflect the severity of tissue cell attacked by oxygen free
radical, and SOD, CAT and GSH eliminated intracellular
oxygen free radical, thereby protecting cells from injury.
The effects of zerumbone on SOD, CAT, MDA and GSH in
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gastric tissues of rats with chronic gastritis are shown in Fig. 4.
Compared with the model group, the activities of SOD and
CAT as well as GSH levels in gastric mucosal tissues of rats
in the zerumbone groups were significantly increased, but
MDA contents were distinctly reduced, and the differences
were statistically significant (p<0.01). The results indicated
that zerumbone could improve oxygen free radical scavenging
capacity through antioxidant effect, which would protect
gastric mucosal cells from the attack by free radicals, thereby
relieving gastric tissue injury.

Discussion

Gastric mucosal injury is caused because the balance between
gastric mucosal defensive function and injury factor is broken,
finally resulting in acute and chronic inflammatory damage of
the stomach. The study confirmed that patients with chronic
gastritis are more prone to suffer from gastric cancer; more-
over, the active phase of inflammation in chronic gastritis is
regarded as the first stage of precancerous lesions of invasive
gastric cancer; therefore, in order to prevent the development
of the disease, chronic gastritis should be paid enough atten-
tion and treatment obtained (10). Zerumbone is a natural
product extracted from plants, which contains many unsatu-
rated carboxyl groups in structure, and this unique chemical
structure may be related to antioxidation and inhibition of
inflammation (11).

The high concentrations of ethanol, sodium deoxycholate
and ammonia used in this experiment can destroy gastric
mucosa, thereby inducing the occurrence of gastritis. Among
them, ethanol can induce the occurrence of inflammation
through direct toxic action or free radicals to activate oxidative
stress; ammonia can inhibit the energy metabolism process
of gastric mucosa and damage gastric mucosal epithelium;
additionally, the free radicals produced by ammonia metabo-
lism can also damage gastric mucosa; sodium deoxycholate
can destroy the lipoprotein layer of gastric mucosal cells,
resulting in mucosal inflammation (12). Although the injury
mechanism of chronic gastritis has not been thoroughly
studied, increasing research indicates that it is related to
oxidative stress. The normal amount of reactive oxygen
species (ROS) level can maintain various physiological func-
tions of cells, but when the ROS level in cells exceeds the
capacity of antioxidant system, it will lead to the occurrence
of oxidative stress in cells (13). Organism itself can resist
lipid peroxidation induced by ROS through SOD, CAT, GSH,
MDA and other antioxidant barriers (14). GSH and SOD
can remove superoxide, peroxide and lipid peroxidation free
radicals, thereby reducing the tissue and cell damage caused
by ROS; in addition, as a kind of preventive antioxidant, CAT
can transform peroxide and other free radicals to water or
other substances that are safe for tissues and cells (15). MDA
can be used as an index to measure body's lipid peroxida-
tion level, and its content can accurately reflect the degree
of lipid peroxidation in tissues and cells (16). HO-1 protein
is a kind of widely existing antioxidant enzyme, which is
expressed at low levels in normal state, and its expression
is regulated by Nrf-2 protein (17). Nrf-2, which is a receptor
of oxidative stress, locates at upstream positions in various
antioxidant enzymes; under the stimulation of oxidative

2509

stress, it can produce changes of expression levels prior to a
series of antioxidant enzymes such as SOD, CAT and GSH
peroxidase (18). It is found that when oxidative stress occurs,
Nrf-2 can combine with the corresponding protein to form
protein dipolymer, thereby activating the transcription and
translation of HO-1 gene (19).

In our experiments, the chronic gastritis models in rats
were established by long-term intragastric administration
with ethanol, ammonia and sodium deoxycholate, followed
by different doses of zerumbone for the treatment; the injury
degree of gastric mucosa was investigated by anatomy, and
morphological changes of gastric mucosal tissues were
observed and studied by pathological sections of gastric
mucosal tissues. The results indicated that zerumbone
could significantly relieve gastric mucosal reddening and
swelling, erosion and ulcer in rats with chronic gastritis; the
observation of the pathological sections of tissues showed
that zerumbone could ameliorate the loose arrangement of
gastric mucosal cells, pycnosis and thinning of mucosal layer,
bleeding, inflammatory cell infiltration and other phenomena.
In order to further explore the mechanism of the protective
effect of zerumbone on gastric mucosal tissues in rats with
chronic gastritis, we investigated the effects of zerumbone
on the expression of HO-1 and Nrf-2 proteins in gastric
tissues of rats with chronic gastritis as well as SOD, CAT,
GSH and MDA. The results indicated that zerumbone could
significantly upregulate the expressions of HO-1 and Nrf-2 in
gastric mucosal tissues, obviously improving the activities of
SOD and CAT, increasing GSH levels, but decreasing MDA
contents. Therefore, the protective effect of zerumbone on
gastric mucosa may be achieved by improving scavenging
ability of oxygen free radical via antioxidation.

Szabolcs et al found that zerumbone could protect rats with
pancreatitis induced by cholecystokinin-8, relieve pancre-
atic edema, reduce the contents of interleukin-6 and tumor
necrosis factor-o in pancreatic cells, and also decrease the
activities of nitric oxide synthase and SOD (20). Additionally,
the study showed that zerumbone could inhibit the expres-
sion of nuclear transcription factor-kB, which would cause its
downstream inflammatory factors unable to activate, thereby
reducing inflammatory response (21). This study further
confirmed that zerumbone has an antioxidant effect, and it
can treat chronic gastritis in rats via antioxidant mechanisms.

In conclusion, zerumbone can improve chronic gastritis
jointly induced by multiple factors, which is achieved by
increasing the activities of CAT and SOD, elevating GSH
level and decreasing MDA level through upregulating the
expressions of HO-1 and Nrf-2 proteins, demonstrating that
zerumbone can protect gastric mucosa via antioxidant mecha-
nisms.
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